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CAVE: Interpretable 3D Neural Object Volumes for Robust Conceptual Reasoning

Interpretable and OOD-robust Classification

✓ CAVE: sparse concept for robust and interpretable classification 
✓ NOV-aware attribution for faithful volumetric concepts
✓ 3D-C metric as part-annotation-free concept consistency measure
✓ No ground-truth 3D poses needed at training time

Result: Robust and Interpretable Concepts

Contributions

Motivation: Why existing approaches fall short

Method: 3D Consistency (3D-C) of Concepts

Method: CAVE – Concept-Aware Volumes for Explanations

✓ Benchmark concept consistency under OOD settings
✓ An image-part-annotation-free metric using object geometry

Preliminaries

(Jesslen et al., 2024)
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Orient-Anything zero-shot pose (Wang et al., 2025)
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1 – OOD-robust classification with sparse 3D-aware concepts

2 – Spatially consistent concepts


